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ABSTRACT 
This paper investigates the use ot penial structure to study 
the relationships among the turtles ot peninsular Malaysia. The 
penial morphology ot Malaysian turtles, mainly batagurines, has not 
been previously described. Herein penes ot 12 Malaysian species 
are described and compared to three Nearctic species. Each was 
coded tor 22 penial characters which were used for numerical analysis 
by the NT-SYS numerical taxonomy system ot multivariate statistical 
proceedures. The analysis failed to distinguish groups below the 
family level when the 15 species were tested. The test also tailed 
to distinguish the complexes within the Batagurinae when they were 
analyzed separately. Ancillary to the taxonomic analysis, a 
Spearman Rank Correlation. Coetticient showed a high p6sitive 
correlation between maximum carapace length and penial elaboration. 
Stained sections ot one penis were examined to determine it the plica 
internae ot the glans differed histologically trom the rest ot the 
structure. No differences were obser�ed . 
It is concluded that penial morphology could be taxonomically 
useful when used in conjunction with other currently accepted 
characteristics. 
408850 
INTRODUCTION 
The use of penial morphology as a taxonomic character is not a 
new concept . In many groups of insects, classifications have long 
been based on the structure of the genitalia. The concept was first 
demonstrated for vertebrates by E. D. Cope (1894, 1895 , 1896) in 
dealing with the Squamata, and since that time workers ·have applied 
the principle to other groups ot organisms like rodents (Hooper, 
1958; Hooper and Musser, 1964). G. R .  Zug (1966) was first to use 
penial morphology in the taxonomic studies of the Cryptodiran turtles. 
z..k>re recently McDowell (unpublished) used penial characters to show 
relationships among Pleurodiran turtles as well. The penial morphology 
. 
of the Malaysian turtles, primarily batagurines, has not been described , 
although Zug described Rhinoclemmys from the New World and Mauremys from 
the Old World . This paper describes the penial morphology of all the 
Malaysian cryptodires except Batagur baska, and seeks .to evaluate 
the usefulness of penial morphology as a taxonomic character. 
Historically, the intromittent organ of turtles has been studied 
. 
by various authors, and it was Stannius (1856) who first recognized 
the variety of d ifferences in penial structure of turtles . With 
the exception of Schmidtgen (1907), most studies prior to Zug's (1966) 
paper dealt with a single species on an anatomical basis . Schmidtgen's 
(1907) study described 24 species of seven families, but did not make 
detailed comparisons of the glans penis, which precluded recognition 
of the taxonomic importance of the structure. Schmidtgen (1907) also 
provided a review of l iterature dealing with the chelonian urogenital 
system published prior to 1907. Zug (1966) has reviewed the topic 
from 1907 to 1965 , including an important histological study of the 
penis of Testudo graeca by Gerecke (1932) . 
Penial Morphology 
The description of general penial morphology and terminology 
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used in this paper follow Zug (1966) except when credited elsewhere. 
Zug (1966) chose Chelycira serpentine'' a.baseline
. 
from which to 
describe general penial anat�P�9,a�s� it is relatively unspecialized. 
The penis is a modified porti,on of the floor of the cloaca and 
lies ventromedially within the cloaca. It is divided into two major 
parts, the proximal shaft and.the dist�l glans (Fig. 1) . The sha�t 
is made up of a seminal groo�e, bordered by lateral ridges, also 
• 
referred to as. seminal guides (Jones, 1915) . The seminal groove 
originates from the urethral opening on the anterior wall of the 
urogenital sinus and proceeds posteriorly to the glans. The seminal 
ridges are most prominent adjacent to the glans and diminish anteriorly . 
The penis is made up of two types of erectile tissue, the corpus f ibrosum 
and the corpus spongiosum . The corpus. f ibrosum is an elastic plate 
of tissue which supports the flaps and folds of the corpus spongiosum, 
which is heavily vascularized connective tissue that makes up the glans 
and medial areas of the seminal ridges . 
The glans which is usually black, is comprised of three distinct 
folds, the plica externa, plica media, and the plica internee (Fig. l) . 
Gerecke (1932) is the only author prior to Zug (1966) to assign names 
to these structures, his terminology is as follows: plica externa-
"Sietenwulst der Glans l," plica media-"Seitenwulst der Glans 2," 
and plica internae-"Papillien auf der Glans , " .  The plica externa is 
a large U-shaped outer fold with enlarged proximal ends that defines 
the lateral and distal extremes of the glans . The plica media is a 
smaller U-shaped fold within the plica externa, also with enlarged 
proximal ends. The internal surface of the plica media serves as a 
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terminus for the seminal groove. The plica internae are paired flaps, 
attached to the medial surfaces of the plica media, lying on each 
side of the seminal groove. 
On the distal half of the penis ire three pairs of surface de-
pressions, generally referred to as sinuses. These may be vestiges 
of peritoneal canal openings, because these canals end blindly in 
the penes of extant turtles. This belief is generally supported 
by Schmidtgen (1907) and McDowell (unpublished), but M�Dowell does 
make a case for the possibiiity that these sinuses may be pores of 
. 
seasonal occurance or during copulation. Zug (1966) described these 
sinuses as follows: sinus of the seminal groove, found proximal 
to the plica externa dorsomedially on each side of the seminal 
groove; anterior sinuses of the glans , found on the inner distal 
surface of each enlarged end of the plies externa; and the posterior 
sinuses of the glans, found on the enlarged end of the plica media 
on each side of the outer base. 
METHODS 
Penes of individuals were examined with a binocular dissection 
microscope. Particular attention was paid to existence of sinuses, 
structure of the seminal groove and extent and elaboration of the plicae. 
All available specimens of any one species were examined with reference 
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to intraspecific variation. Illustrations in Figures 2 and 3 were pro-
duced by photographing pinned specimens next to a steel scale with 
a 55mm Vivitar macro - lens mounted on an Olympus OM-1 35mm camera. 
Details of strlicture were outlined with india ink on the prints and 
the photograph bleached with aqueous iodine solution. 
Transverse thin sections of the area of the glans containing the 
plica internae from a specimen of Siebenrockiella crassicollis were 
examined to determine if any major histological differences exist 
. 
between the plica internee and plica media. Techniques tor embedding, 
sectioning, staining and mounting we�'t�ken from H�son (1967) • 
. , ',{ 
Sections were stained with Harris' Haematoxylin and counterstained 
with eosin. 
All specimens described, plus three Nearctic species (Chelyd.ra 
sez:pentina, Pseudemys scripts, and Chrysemys picta) were evaluated 
• 
·· il _�A 
for 22 different external structural characteristics. The taxonomic 
relationships of the 15 species (operational taxonomic units; Sneath 
and Sokal, 1973) were evaluated by these characteristics utilizing 
the NT-SYS numerical taxonomy program (Rohlf, et al, 1979) and the 
Eastern Illinois University IBM 370/155 computer. In addition, the 
nine batagurine species were independ�ntly analized as a separate 
group with the same program. A Spearman Rank Correlation Coefficient 
(Daniel, 1978) was used to determine correlation between elaboration 
· of the structure of the penis and maximum c�rapace length as given 
in Wermuth and Mertens (1961). This was done to determine if the 
analysis of the batagurine group demonstrated associations related 
to size or taxa. 
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RESULTS 
Penial descript ions of spec ies examined are grouped by families , 
and the subtami ly Batagurinae is grouped by complexes as def ined by 
McDowell (1964). The penis  is described trom the dorsal view a s  i t  would 
be seen in its  relaxed s tate . 
Trionychidae 
Trionyx cart ilagineus (Fig. 2) - The penis  i s  five lobed,  the 
s ingle dis tomedial lobe being the tip of the corpus fibrosum and 
lacking any grooves or folds. Two'distolateral and two proximolateral 
lobes have seminal  grooves extending to the tips with a fold at each 
distal end (Fig.  4A). This told in the corpus spongiosum may be 
homologous to the sulcus dividing plica media from the plica externa 
in other groups, with the ventral part of the tip representing the 
plica externa. There is a protuberance of the corpus spongiosum in­
serted between the distolateral and proximolatera l  lobes on each side 
of the glans which could be homologous to the plica externa, or even 
the plica internee of other groups. The seminal groove is strongly 
divided on the shaft (Fig. 4B) wi th the central ridge increas ing and 
the seminal groove widening to effect bifurcation as it enters the 
glans . Each channel bifurcates aga in to enter the lateral lobes . 
The seminal groove is  unpigmented. No s inuses were observed . 
Pelochelys bibroni (Fig . 2) - The penis  is s imilar to that  of 
TrionY?C cartilagineus, with five digitate lobes and two blunt lobes. 
The dis tomedial lobe is without grooves or processes and represents 
the tip of the corpus fibrosum. The two di s tolateral and two 
proximal lobes have seminal grooves extending to the t ip,  but lack 
any terminal folding . There is a mediolateral blunt lobe inserted 
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between the distolateral and proximolateral lobes on each side of the glans 
which again may be homologous with plica externa or internae. The seminal 
groove is ridged as it enters the glans (Fig. 4c). The central ridge 
diminishes upon entering the glans and terminates medially to the prox­
imolateral grooves as two lateral ridges begin as the groove divides onto 
the four lateral lobes (Fig. 4D). The seminal groove is pigmentless 
from the base to the distal ends, as is the base of the shaft. No evidence 
of sinuses was noted . 
. . ·• 
Testudinidae 
Geochelone !!!l!. (Fig. 2) - 'Die plica externa is  low and indistinct 
with a few folds proximolateral to the pli ca media. The plica media 
is distinc tly double , the lateral fold is  wide and raised with a circular 
outline and shallow lateral divisions. The medial fold is small, arrow 
shaped, and separated from che outer portion by a deep sulcus . The 
plica internee are proximally attached to the medial portion of the 
plica media and are lobed and elevated . The seminal groove is unridged 
and terminates a t  the dis tomedial elevation of the plica media, the 
proximal wall of whi ch has nine grooves including those formed by 
the attachments of the plica internae. No sinuses were noted. The 
only specimen examined was nearly devoid of pigment. 
Einydidae 
Batagur complex 
Callagur borneoensis· (Fig. 2) - The plica externa is low and 
proximally enlarged. The plica media is distinct and enlarged having 
obvious inner and outer portions divided by a deep, tripartite sulcus. 
The lateral plica media is divided into four lobes, two projecting 
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proximally and two project ing dis tally .  A deep cavi ty is  formed distally 
by the media l plica media and the folds at taching i t  to the lateral plica 
media. Two cav i t ies are formed by the proximal lobes of the latera l 
plica media , the medial plica media , and the lateral  ridges of the seminal  
groove. The medial plica media i s  c lub shaped. The plica internae are 
small and attached to the proximal part of the medial plies media . The 
seminal canal i s  weakly ridged at  the entrance to the glans , and becomes 
more s trongly ridged entering the plica media and pers ists  onto the 
proximal face of the dis tal wall of the medial plica media . No s inuses 
were observed . 
Malayemys subtrijuga (Fig . 2) - The plica externa i s  a large 
latera l f lap with a c ircular outline . The plica media is  double , 
the latera l porton being weakly divided. The medial port ion i s  small 
and tongue shaped with ridges on the proximal surface. The plica 
internae are proximolaterally attached, with papi llae project ing 
dis tally beyond the plane of the plica media . The seminal groove is 
unridged to the base of the plica internee where a weak ridge arises 
and divides on the proximal surface of the distal wall  of the medial 
plica media . Sinuses of the seminal groove are present. 
Orlitia complex 
Orlitia borneensis  (F ig .  3) - The plica externa is low, proximally 
higher and diminishing dis tally. It i s  separated from the plies media 
by a shallow sulcus that is  divided by mediola teral ridges a ttaching 
the plica externa and plica media. The sulcus pers ists distally arolind 
the plica media and i s  dis tomedially divided by a ridge from the plica 
media extending onto the tip of the corpus f ibrosum. The plies media 
is double. The medial  and latera l portions have lateral knob- like 
swe llings, the outer ones being higher. The knobs on each s ide are 
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c onnec ted by folds that divide the sulcus between the media l and la teral 
plica mediae into a deep dis tal cavi ty separating the proximal port ion 
of the lateral plica  media into fleshy lobes .  The medial plica media 
is dis tally lower than the latera l .  The plica internae are proximally 
at tached to the medial plica media . The seminal groove has a weak medial 
ridge tha t pers is t s  to the base of the plica media. Sinuses of t he 
seminal groove are present .  
Siebenrockiella crassicollis (Fig. 3) - The plica externa i s  a 
low fold , decreasing distally and weakly attached to the plica me dia 
by low medial folds within the shallow sulcus . The plica media is 
double , the lateral part being much larger , spade s haped, and at tached 
to the corpus fibrosum by a distal fold. The medial plica media is 
small and expanded distally with two small distal knobs. The medial 
plica media is attached to the +ateral plica media by low folds 
• 
originat ing dis tal to the plica internee , and has some weak ridges of 
its proximal wall . The plica internee are proximolaterally attached 
to the plica media and extend beyond the dorsal plane or the medial 
plica media. The seminal groove is unridged and lacks pigment . 
S inuses of the seminal groove are present . All spec imens examined 
have decreased pigment on the dista l  end of the glans , and lack 
pigment on the shaft . All show reduct ion or lack of pigment on t he 
plica internee, and two specimens lacked pigment on the medial plica 
media . 
GeoeD!Yda complex 
Notochelys platynota (Fig . 2) - The plica externa is relatively 
heavy, expanded proximally, and nearly circular in outline . I t  is  
medially attached to the plica media by high folds and separated from 
i t elsewhere by a deep sulcus . The plica media is double , t he parts 
divided by a sha llow sulcus . The la teral plica media is heavy with 
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dis tolateral lobe- like project ions at the poi nt of attachment to the 
plica externa , and is  attached to the medial plica media by low folds. 
The medial plica media is  small . The plica internae are proxi molaterally 
attached and extend beyond the plane of the medial plica media. The 
seminal groove i s  unr idged, terminating at the proximal face of the 
distal wa ll of the inner plica media which supports four ridges. 
S inuses of the seminal groove are present. 
Cyclemys dentata (Fig .  3) - The plica externa is a low fold that 
decreases distally and is attached to the plica media �Y medial ridges. 
The plica media is double, the outer part bearing two proximal lobes 
and mediolateral knob-like projections. The medial plica media is 
distally notched and separated from the outer portion by a deep sulcus 
except at the knobs. The sulcus forms a deep cavity distal to the 
knobs. Plica internae are proximally attached to the plies media. 
The seminal groove is unridged within the glans, and appears to persist 
weakly on to the proximal face of the distal wall of the medial plica 
media where a small ridge arises and continues to the distal notch 
of the plica media. Sinuses of the seminal groove are present. 
Anterior sinuses of the glans may be pres ent, but the poor condition 
of the specimens precludes definite identification • 
. 
Cuora amboinensis (Fig. 3) - The plica externa i s  a high curving 
fold that covers the proximal half of the plica me dia and rapidly 
diminishes distally. The proximally deep sulcus is interrupted by 
low medial folds attaching the plica externa to the plica media. 
The plica media is double, divided by a moderate sulcus. The lateral 
plica media has two distinctly elevated mediolateral knob-like pro-
jec tions . The lateral plica media is distomedially attached to a low 
fold projec ting distally. The medial plica media is folded with a 
distinct medial groove flanked by two less distinct grooves on the 
proximal surface of the distal wall. The plica internae are attached 
proximally to the plica media and are flattened, each with a distal 
and proximal lobe (some specimens showed only the distal lobe). The 
seminal groove is unridged to the glans where a weak ridge arises. 
Sinuses of the seminal groove are present, and posterior sinuses of 
the glans are poss ibly present in one spec imen. 
Heosemys grandis (Fig. 3) - The plica externa is moderately 
heavy, expanded proximally and diminished distally. The plica media 
is double and low except t,or lateral knob�like projections. The 
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distal portion ot the lateral plica media is divided into large folds. 
The lateral plica media is attached to the plica externa by low 
lateral folds and has two low lobes proximal to the lateral knobs. 
The medial plica media is attached to the lateral plica media by a 
ridge between the lateral knobs. The proximal face of the distal wall 
ot the medial portion has a distinct groove, and a small "tongue" 
in the sulcus between it and the lateral plica media • .  The plica 
internee are attached proximally to the plica media. The left plica 
interna is large and folded onto itself ,  the right one is smaller 
I 
and unfolded . The seminal groove is weakly ridged wi thin the glans. 
The sinuses of the seminal groove and the posterior sinuses of the 
glans are present. 
Heosemys spinosa (F ig . 3) - The plica externa is low, somewhat 
enlarged proximally, and divided from the plica media by a shallow 
sulcus. The plica media is double, divided by a shallow sulcus, 
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with the outer part slightly heavier than the inner. The la teral 
plica media has lateral knob-like projec t ions and is  attached to 
the medial plica media by folds at the projections and a convoluted 
distal told. The plica internae are flattened and proximally a ttached 
to the plica media. The seminal groove is weakly ridged at the en-
trance of the glans and dis t inc tly ridged a t  the base of the plica 
internae . The proximal face of the di s tal wall of the medial plica 
media has a very distinct ridge . ·The sinuses of the seminal groove 
and the posterior s inuses ot the glans are present. 
Histological examination ' 
Gerecke (1932) did not mention any major histological differences 
in the plica internee of Testudo graeca . Examinat ion of stained 
sections of the Siebenrockiella crassicollis penis also did not find· 
any characteristics useful in differentiating the plica internae from 
the rest of the glans. The pigment variation noted in the plica in-
ternae of Siebenrockiella crassicollis may reflect some seasonal or 
phys iological condi tion. However , there is no evidence to support 
this speculation. 
Statis tical analys is  
. 
The table of values and results of the Spearman Rank Correlation 
Coefficient are shown in Table 1. It can be seen from these results 
that greater body s ize and penis elaboration are significantly 
correlated at  the . 01 level in the Malays ian batagurine turtles examined. 
The character states tor each character of the penis are explained 
in Table 2, and their assigned values for each operational taxonomic 
unit used for analysis are shown in Table 3. The dis tance matrix was 
chosen from all the tes ts  performed by the NT-SYS package because it  
shows the highes t correlation between the matrix and the phenogram 
(. 943) (F ig .  5) . The phenogram derived from the distance matr ix is  
based on distance coeffic ients  calculated by the unweighted pair-
group method of c lustering us ing arithmetic averages (URZMA) ( Sneath 
and Sokal,  1973) . This analysi s  separated the superfamilies 
Trionychoidea and Tes tudinoidea (Gaffney, 1975) very well,  and 
dis t inctly separated Families Chelydridae from the Emydidae and 
Tes tudinidae. The analysis did not do as well in separating the 
Testudinidae from the Emydidae, as the Tes tudinidae joined near 
the center of the emydid group. Nei ther the Batagurinae or Em.ydinae 
appear as dis tinc t entities  based on the morphology of the penis. 
The same analysis  was repeated using only the batagurine turtles  
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examined, to see if they would cluster on the bas i s  of penial morphology . 
into the complexes defined by McDowell (1964). Outlying groups were 
eliminated to provide a clearer picture of the rela t ionships within the 
Batagurinae. A reasonable correlat ion (.825) between the matrix 
and the phenogram was obtained, but the phenogram fa�ed to show af­
finities within the complexes (Fig. 6). 
DISCUSSION 
A major portion of this  paper is  devoted to the description 
and i llustration of the penes of Malays ian turtles. It  is important 
to consider that the elaborations , flaps , folds , and knobs of the 
chelonian intromittent organ may have, or have had sometime 
in the evolutionary pas t ,  a vital effect on the survival of their 
bearers. It is diff icult to second guess natural select ion , and 
·.-� !-.e:ve no way of knowirig y,·hich .c;roup of turtles recently gc.ined a 
I 
�=rticulr:r knob e:nd ,.;}l:�ch grcup ;;.ay be losing another, for ez£rr.ple1 
::-.e plica in�erna r.ey be a vc::ti_sill C·rc:;c..n. Inevitably, 
the descript1ons come aoi,-n to a question of which penes are the most 
s::.nile.r end -..:'hether we ce.n see so::-.e trend in that similarity. 
With the e:xception of the pc.pers by Zug (1966) and VcD:r .. :ell 
(1:npublished), recent \·:or:ks cea l ing with the taxonomy of turtles 
have based relationships on skull morphology and arterial supply of 
the head (Gaf':f'ney, 1975; McD:Jwell, 1961, 1964). It is interesting 
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to see, on the basis of the desc!iptions here and those of Zug (1966), 
that the ge:neral penial morphology of the families is consistent 
c..:=:Jng its meLlbers. Tne blans penis of the two genera-of Trionychidee 
described from 1··:alaysia show strong similarities to the Nesrctic 
7rio:1y'X described by Zug (1966). .e..mong the Testudinidae, the penie.l 
r�orphology o� Geochelone e�ys is quite similar to that of Goph� 
2nd Geochelone es described by Zug (1966). The bategurines cescrited 
herein posses the characteristic lateral protuber a n c es of the plica 
!':'.edia es mentioned by Zug for Rhinoclerom.ys and J.�auremys. Such agree-
cent supports the fe.milial and subfamilial relationships of recent 
classification schemes (Pritchard, 1979). If penial morphology 
sho�s its own evolutionary trend independent of other taxonomic 
ctaracters like modifications of the shell (Zug, 1966), then it is ,. 
reasonable to believe that taxonomic divisions even finer than sub-
:fanily can be illustrated by the penes. This v:as nicely derr.onstrated 
by Zug (1966) in his consideration of four species of Ste��otherus. 
7.•is is not r.e:cessarily true of the co�plexes of the s�bfemily Bat�s-..u-inae. 
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This becomes apparent by examination of the two members of the Batagur 
complex, Callagur borneoensis and Malayemys subtrijuga (Fig . 2). C .  
borneoens i s  has a highly modified glans while M· subtrijuga has a 
relatively simple glans. The same is true wi th Orlitia borneensis 
and Siebenrockiella crassicollis of the Orlit ia complex (Fig. 3) .  
In the Geoemyda complex there seems to be a progression of elaboration 
from Cuora amboinens is to Heosemys spinosa to Cyclemys dentata and 
Heosemys grandis (Fig. 3), but Notochelys Elatynota (Fig .  2) appears 
vastly different in the structure of the plica media . It may be 
possible to show greater affinities within the complexes if repre­
sentative specimens from all species of each complex were available. 
Taxonomic considerations to this point have followed the 
classical approach to systematic s . Recently cladistics and numerical 
taxonomy have gained acceptance as a means of showing phylogeny 
and taxonomic relationships. Numerical taxonomy was chosen as a tool 
because i t  lends itself well to the type of data available from 
the specimens examined. Numerical taxonomy has the positive aspect 
of being quantitative, in that relationships are defined by math­
ematical methods . The one problem is that in defining a multis tate 
charac ter (Sneath and Sokal, 1973), one person's opinion of what 
cons titutes a score of three out of five may not be the same as 
another's. When dealing with a finite group of specimens, assign­
ing a value to a var iable character possessed in different degrees 
by all members of the group, value s  are ass igned relative to the 
extremes of the group . In other words, if a specimen was valued 
five oE five for a charac ter within the group it is possible that  
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there i s  some specimen outs ide the group that would have to be scored 
higher than the maximum for that  charac ter . Thus , having representative 
specimens from all members of the group being analyzed will give the 
mos t  satisfactory results .  
The analysis of all the operational taxonomic units  i s  interes ting 
in that i t  shows familial relationships well , but does poorly in 
separat ing the subfamilies and complexes of genera . This indicates 
that the charac ters used are adequate for differentiation of the higher 
taxa , but not the lower ones. The results  of the numerical taxonomic 
s tudy seem to show that penial morphology can be a val id taxonomic 
indicator , but more spec ific characters may be necessary to show 
finer relationships within the group. 
When the subfamily Batagurinae was evaluated separately, the 
complex associations were nQ.t shown . At  this point i t  appeared that 
a correlat ion between penial elaboration and animal s ize might exist .  
This i s  not the trend in cryptodiran turtles as a group, since the 
larges t turtles , the Cheloniidae , have the simples t  penes {Zug , 1966). 
However, in the Batagurinae , there is a very high correla tion between 
large s ize and elaboration of the glans penis . I t  mus t  be remembered 
that correla tion does not imply causation , so it cannot be said that 
certain turtles have elaborate penes because they are large . The 
numerica l analys is  of the Ba tagur inae thus appears to show s ize 
rela tionships more than taxonomic aff inities . Although the four 
smalles t spec ies  are c losely grouped, the two larges t spec ies show 
the lowes t similarity coeff icient {Fig. 6). This does not prec lude 
the possibility that  the high correlation between size and elaboration 
of the penis had a definite effect on the results . This correlation 
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raises questions about the reasons for its exi s tence . It has been 
sugges ted that  the extens ive elaborat ion of the glans is a primit ive 
sta te ( Zug ,  1966). This can be supported for the Batagurinae by skull 
characteris tic s that show them to be more primitive than the Emydinae 
(McDowell,  1964) which lack the knobs and flaps common to the batagurines . 
Following this line of reasoning leads one to conc lude that the larger 
members of the group are the most  primit ive ,  which is supported for 
the Emydidae by Moll and Legler (1971). The problem here is the 
ques tion of whether selective pressures that would bring about a 
;� 
reduct ion in body size could also cause s implica tion of the glans. 
This is a question tha t cannot be answered eas ily and is far beyond 
the scope of this work . 
In conclus ion, this paper has raised many questions . Penial 
morphology, by the methods used , was not sufficient for rigorous 
� 
c lass ification of the taxa examined, espec ially within the Batagurinae . 
However , charac ters of the peni s  are defini tely useful for higher 
classifica tion and can be an indicator of the phylogeny of certa in 
smaller groups . It i s  my belief that an extensive nWllerical s tudy 
of all turtles , us ing characters of penia l morphology, skull s truc ture , 
and other acceptable characters would.be mos t  helpful in e luc idating 
the phylogenetic  relationships of the members of this large and in-
tricate group. 
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SPECIMENS EXAMINED 
Chelydridae. - Chelydra serpentine, EOM 2572. 
Emydidae. - Batagurinae: Callagur borneoensis, EX>M 2225, 
23o6, 2307, 2335; Malayemys subtrijuga, Carnegie Museum 49014; 
Orlitia borneensis, EOM 2214, 2218; Siebenrockiella crassicollis, 
EOM 2227, 2279, 2388, 2435, 2444, 2447; Notochelys platynota, 
EX>M 2251� 2356; Cyclemys dentata, EOM 2308, 2310; Cuora amboinensis, 
EOM 22o8, 2209, 2230, 2231, 2282, 2292, 2293, 2294, 2311; Heosem.ys 
spinosa, EOM 2291, 2313; Heosemys grandis, EOM 2283, 2322. Emydinae: 
Pseudemys scripta, EOM 2536, 2541; Chrysem.ys picta, two unnumbered 
specimens. Testudininae: Geochelone �' EOM 2371. 
Trionychidae. - Trionyx cartilagineus, EOM 2366; Pelochelys 
bibroni, EOM 2219. 
--!---seminal ridge 
Figure 1. Schematic repre sentat ion of dorsal view of relaxed penis 
of Chelyd.ra serpent ina. (from Zug, 1966). 
TltlONYX CARTILAGINEUS GEOCHELONE EMYS 
PELOCHELYS BIBRONI 
I CALlAGUR tORNEOENSIS 
l�- . ,  
NOTOCHELYS PlATYNOTA MALAYtMYS SUBtalJUGA 
Figure 2 . Illustration of the penes ot some Malaysian turtles . 
Scale line ts equal to 10 millimeters. 
I 
ORLITIA BORNECNSIS I CUORA AMBOINENSIS 
. .  
CYCLEMYS DENTATA SIEBENROCKIEllA CRASSICOLLIS 
HEOSEMYS Sl'INOSA • MOSEMY$ GltANDIS 
Figure 3. Illus tration of the penes of some Malays ian turtles . 
Scale line is eaual to 10 millimeters . 
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Figure 4 . A. 
B. 
c. 
D. 
A B 
c D 
anterior view of lobe tips of Trionyx cartilagineus; 
cross-section of seminal canal proximal to the glans 
of !· cartilagineus; 
cross-section of seminal canal of 
·
Pelochelys bibroni 
at the entrance to the glans; 
cross-section of seminal canal of P. bibroni medial to 
the proximolateral lobes. 
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M. subtrijuga .5104 
P. scripta • 6073 
s. crassicollis .7658 
C. amboinensis . 6131 
C. dentata .8504 
C. picta 1.0963 
H. spinosa 1.1320 
o. borneensis 1.9438 
C. borneoensis 1.2550 
N. platynota 1.4197 
H. grandis 1.5838 
C. se:r;-pentina 1.9189 
. -- T. cartilagineus 0000 I t 
L- P. bi broni 
-0.090 
Figure 5. Phenogram from distance matrix {correlation • 0.943) for all species. 
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Figure 6. Phenogram from distance matrix (correlation • o.825) for the Batagurine species. 
Level 
1.2619 
0.9904 
1. 01+86 
0.8533 
1.3810 
1.4722 
1.5166 
1 .5891 
Table l. Table of values and results of Spearman Rank Correlation Coefficient for shell 
length and penial elaboration of batagurine species. 
X Penial Y Carapace 
Subject Elaboration Rank 
Calla.a!:!!:, borneoensis 
Malayemys subtrijuga 
Orlita borneensis 
Siebenrockiella crass icolis  
Notocbel.l! platynota 
Cyclemys dentata 
Cuora amboinensis 
Heos!!!l!. spinosa 
Heosemys grandis 
ffo: X and Y are mutually independent 
10 l 
1 9 
9 2 
2 8 
. 
8 3 
7 4 
5 6 
4 7 
6 5 
H1: There is a tendency for a large X and a large Y to be paired. 
One Tailed Test 
oC= .01 
Degrees of freedom: 7 
rs critical • .8571 
r8 calculated • .8958 
Length 
75 
20 
75 
20 
30 
24 
20 
22 
40 
_Rank 
1.5 
8.o 
1.5 
8.o 
4.o 
5.0 
8.0 
6.o 
3.0 
(X-Y:)
2 
0.25 
l.10 
0.25 
o.oo 
1.00 
LOO 
4.oo 
1.00 
4.00 
Table 2 .  Description o:f' character s tate values , in mult i-s tate 
charac ters (0-5), 5 represents the maximum manifestat ion 
of the s tate. 
Anterior s inuses of the glans.  0-absent , 1-present 
Pos terior s inuses o:f' the glans. 0-absent , 1-present 
Sinuses of the seminal groove. 0-absent , 1-present 
Seminal groove 
ridges. o- ·no ridges, 1-ridge on sha:f't , 2-ridge in glans , 3-ridges 
on sha:f't and in glans . 
bifurcation .  0-rio bifurcation , 1-divided one time ,  2-divided twice . 
Plica externa 
extent. 0- 5 
single-double . 0-none, 1-single , 2-double 
folding. 0-5 
Plica internae 
extent. 0-5 
folding. 0-5 
attachment . 0-none , 
Plica media 
extent. 0-5 
1-dis tal, 2-lateral ,  3-proximal . 
single-double. 0-s ingle , 1-double 
processes 
knobs 
extent. 0-5 
locat ion. 0-none , 1-dis ta l, 2-lateral, 3-proximal 
flaps 
extent. 0-5 
location. 0-none , 1-distal ,  2-lateral, 3-proximal 
ridges of the proximal face of dis tal wall . 0-5 
Table 3. Array of charac ter s ta tes 
OTU 1 2 
Characters 
anterior s inus 0 0 
pos terior s inus 0 0 
s inus sem. groove 0 0 
Seminal groove 
ridges 0 3 
bifurication 0 2 
Plica externa 
extent 2 0 
single - double 1 0 
folding 3 0 
Plica internae 
extent 3 0 
folding 3 0 
a ttachment 3 0 
Plica media 
extent 3 5 
single-double 1 1 
Proces ses 
Medial P .M. 
Knobs 
extent 0 5 
locat ion 0 1 
Flaps 
extent 0 0 
location 0 0 
Lateral P .M.  
Knobs 
extent 0 5 
location 0 3 
Flaps 
extent 0 0 
location . 0 0 
Ridges of proximal 
face plica media 4 0 
Key to OTUs : 
1. Geochelone emys 
2 .  Trionyx cartilagineus 
3. Pelochelys bibroni 
4. Orlitia borneensis 
5 . 
6. 
7 .  
8. 
� 
0 
0 
0 
3 
2 
0 
0 
0 
0 
0 
0 
5 
1 
5 
1 
0 
0 
5 
3 
0 
0 
0 
used for numerical ana lys is.  
4 2 6 1 8 2 10 11 12 13 14 15  
0 0 0 0 0 0 0 0 0 0 1 0 
0 1 0 _o 0 0 1 0 0 0 1 0 
1 1 1 1 1 1 1 0 1 1 1 1 
2 2 2 0 0 0 2 2 2 2 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
3 2 4 4 3 2 4 2 3 4 4 3 
2 2 2 1 2 1 1 1 1 2 1 1 
l 0 4 4 3 3 4 2 3 3 3 2 
3 2 4 3 4 3 4 1 3 3 4 3 
4 2 4 3 3. 2 5 1 2 2 4 2 
2 2 2 3 3 2 2 3 3 3 2 2 
4 2 3 3 3 4 4 4 3 3 3 3 
l l l l l 1 1 1 1 1 0 1 
3 0 0 1 1 0 1 l 0 0 0 0 
2 0 0 1 l 0 2 2 0 0 0 0 
0 0 0 0 0 1 1 0 0 0 0 0 
0 0 ,0 0 0 1 1 0 0 0 0 0 
4 2 l 3 0 0 3 4 3 0 0 2 
l 2 l 2 0 0 2 2 2 0 0 2 
3 0 1 2 l 4 0 5 4 l l 0 
3 0 3 3 2 2 0 3 3 3 2 0 
3 3 3 2 2 3 3 2 3 2 1 1 
9. Notochelys platynota 
10 . Heosemys grsndis 
11 . Callagur borneoensis 
12 .  Cyclemys dentata 
13. Pseudemys scripts 
14 . Chelydra serpentine 
15. Chrysemys picta 
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